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I. Introduction
As the world economy continuously moves toward on open system, the exchange rate plays an important role along with fundamental economic variables such as income, price, unemployment and trade balance in describing and analyzing the macroeconomic system. A number of economists has thoroughly investigated foreign exchange rates. In the original research, the exchange rate was determined by using the real sector which is based upon the trade balance, and concluded that the terms of trade are a key factor in determining exchange rates. This was because the real sector was more heavily weighted than the financial sector in this era. It reflected that the real sector which is connected to trade balance dominated international trade flow. Accordingly, purchasing power parity has long been adopted for exchange rate determination. Since purchasing power parity is calculated by the differences in general price level which comes from the real sector, usually non-tradable goods, it seems to be in line with the traditional approach.
As the share of the financial sector is gradually more weighted, the exchange rate is influenced by the interest rate parity, and it is developed to the portfolio balance approach. Foreign currency becomes a part of the assets, and it is allocated with other assets. In this case, fundamental macroeconomic variables such as money stock, interest rates, and real income influence the determination of exchange rates. Therefore, the investor is trying to maximize the return by optimally allocating investor's assets. Depending upon this approach, the analysis and forecasting of the exchange rates could not be possible without understanding the fundamental macroeconomic variables. All the previous works in this literature, however, mainly deal with long-run analysis. While the overshooting model induced an expected change in the exchange rate determination, it attempted to evaluate short-run and long-run path, simultaneously. However, the overshooting model does not provide sufficient ways to evaluate short-run analysis in exchange rate determination.
Many economists tried to find a formula to overcome it by using non-economic factors. This is completely understandable due to the fact that the exchange market is so sensitive and easily affected by non-economic fundamental variables. The economic news model is chosen as an alternative. But, such an attempt has not fulfilled the forecasting of the exchange rate determination in the short-run either. In light of this, market sentiment is emphasized in this literature. As most economists acknowledged, Asian foreign exchange markets, including Korea, suffered from a severe disequilibrium a few years ago. Such a situation provided an excellent opportunity for the evaluation of the market sentiment because the psychological impact was dramatically apparent in the foreign exchange markets of Asian countries during this period. The research covers materials from January 1997 to June 1999 and reflects the economic crisis which happened in the second half of 1997. This paper consists of the following sections. Section II is a review of literature concerning economic analysis and psychology. Section III provides a theoretical background, and Section IV discusses empirical results. The conclusion and its policy implication are in Section V.
II. Literature Reviews
Many economists have researched the psychological impact on economic behavior, and some of them have been quite successful in developing stylized fact of models by using a number of theoretical works. They are based on in consumer's behavior, decision making and investment decision. Lewin (1996) , Rabin (1998) , Earl (1990) , Hogarth and Reder (1986) reviewed the relationship between economics and psychology. Lewin (1996) insisted that psychologists and institutionalist economists attacked the unscientific nature of economics due to the lack of psychological influences in economic analysis. Rabin (1998) concluded that psychology systematically explores human judgment, behavior, and wellbeing, and it can teach us an important lesson about how humans differ from the way they are traditionally described by economists. Standard economics assumes that each person maximizes stable and coherent preferences given rationally formed probabilistic beliefs, but psychological research teaches us ways to describe preferences more realistically about biases in belief formation and about ways it is misleading to conceptualize people as attempting to maximize stable, coherent, and accurately perceived preferences. Earl (1990) reviewed recent literature that integrates economics and psychology, contrasting economists' views of rationality with psychologists' research on how expectations and actions are affected by problems of cognition. The discussion of the relevance of motivational theories follows a review of literature on decision procedures used for evaluating alternatives in situations of complexity. Hogarth and Reder (1986) explained that the paradigm of rational choice provides economics with a unity that is lacking in psychology. In the study of choice behavior, the two disciplines differ concerning scope of phenomena, object of study, and data considered relevant. Psychologists are interested in different types of individual process data. Despite these differences, the study indicated that each discipline could benefit from considering the alternative perspective. Simon (1986) and Smith (1991) revealed the relationship between rationality and psychology. Simon (1986) asserted that the assumption that an individual maximizes subjective economic rationality provides only a small part of the premise in economic reasoning, and often not the essential part. The remainder of the premise is auxiliary empirical assumptions about individual's utilities, beliefs, expectations, and the like. Making these assumptions correctly requires an empirically founded theory of choice that specifies what information decision makers use and how they actually process it. This behavioral empirical base is largely lacking in contemporary economic analysis, and formulating it is essential for enhancing the explanatory and predictive power of economics. Smith (1991) believed a problem existed between economic theory and the falsifying evidence of psychology. Most standard theory provides a correct first approximation in predicting motivated behavior in laboratory experimental markets, but the theory is incomplete, particularly in articulating convergence processes in time and in ignoring decision cost. Furthermore, Anderson and Goldsmith (1994) dealt with the forecasting based on a psychological variable. Aftalion was the pioneer in using psychological factors in exchange rate determination (Baudin (1957) ). Aftalion was the first to pay attention to the psychological impact in the foreign exchange market. However, no further empirical research has been done due to the fact that the quantifying of qualitative data is not easily feasible. Hopper (1997) described the importance of psychological impact in economic analysis. Hopper (1997) minutely analyzed market sentiment in the exchange rate determination. The news about the fundamentals can be defined as the difference between what market participants expect the fundamentals to be and what the fundamentals actually are once their values are announced. Hopper (1997) insisted that the alternative view is that exchange rates are determined, at least in the short-run period of less than two years, by the market sentiment. Under this view, the exchange rate is the result of a self-fulfilling prophecy. The participants in the foreign exchange market expect a currency to be a certain level in the future. When they act on their expectations, it ends up at the predicted level confirming their expectations. So it seems reasonable to try to understand the psychology of the foreign exchange market to improve forecasts of the short-run exchange rate determination.
III. Theoretical Background

A. Forming Psychological Variable
The basic idea in analyzing the psychological impact of the exchange rate determination is the transformation of qualitative data to a quantitative one. Frey and Eichenberger (1991) are the pioneers in this field of study. Frey and Eichenberger (1991) insist that cognitive psychology and experimental economics indicate that under identifiable conditions individuals do not act in an economically rational way. Also, economic markets do not fully eliminate anomalies in the aggregation process. Moreover, institutions can partially be interpreted as endogenously emerging as a result of individuals demands to cope with anomalies. According to Frey and Eichenberger (1991) , psychological impact is shown in through diversified aspect. Such as reference point effect, sunk cost effect, endowment effect, framing effect, availability bias, representativeness bias, opportunity cost effect, and certainty effect. Based upon this, Fishbein and Ajzen (1975) developed the detailed formula of equation (1), and it enables to empirical analysis in this field.
(1) where, B: overt behavior BI: behavioral intentions
The equation (1) consists of a few coefficients. The is the consumer's view of the likelihood that performing the activity will result in the consequence i. The is the consumer's evaluation of outcome i's goodness or badness. The is the person's assessment of whether referent j thinks it should chose to undertake the activity. The is the person's motivation to comply with referent j's opinion. The n is the number of salient beliefs the person holds about performing the activity. As Miller (1956) asserted, the major group i in forming BI is usually assumed to be 7±2. The N is the number of other people whose opinions matter to the decision maker in the context question. The and are the weights that the analysis may estimate empirically using regression techniques, respectively.
B. Application to Exchange Rate Determination
The key exchange rate in the foreign exchange market in Korea is, of course, the U.S. Dollar. Therefore, understanding the determination of the U.S. Dollar is necessary to figure out the Korean foreign exchange market. Equation (1) can be modified to comply with exchange rate determination.
in equation (2) is an information matrix which captures the psychological impact of the U.S. Dollar on the foreign exchange market. The in equation (1) can be replaced by , where D is a dummy variable obtained from the news about economic fundamentals, and is the first-differenced variable of the exchange rate in major group i. The
could be set to 1 because the goodness or badness of the news is already reflected in the direction of its volatility. Also, in equation (1) can be replaced by , the first-differenced variable of the exchange rate in minor group j, in forming a psychological variable. The weights and can be replaced by the correlation between the U.S. Dollar and the first-differenced exchange rates. The weighted average is used by the scheme. Following Miller (1956) , the number of n is 5, 7, and 9, respectively. It may provide an optimal number of major group. Equation (1) is reorganized as (2) In equation (2) all the behavior for psychological impact created in the foreign exchange market toward the U.S. Dollar are included in the formula.
1) Non-Economic Fundamental Factor
To formulate a dummy variable which induces psychological impact, news about economic fundamentals that is not directly related to fundamental macroeconomic variables is used. The dummy variable comes from news about economic fundamentals which has sufficient impact to generate psychological information. The number of news items is summarized in Table 1 . The number of news items from January 1997 to June 1997 is comparatively low. But, it has sharply increased since then, and it reached a high of 10 items in November 1997. The number of news items about economic fundamentals is concentrated after July 1997. This is because the economic crisis was initiated at this time. 
2) Selecting Exchange Rates
The number of officially transacting foreign exchange rates is 29, including the U.S. Dollar, in Korea. Except for the U.S. Dollar, 28 of the first-differenced exchange rates are counted in forming a psychological information matrix. Depending upon the degree of correlation between the U.S. Dollar and the major group i is selected. The correlations are calculated by the first-differenced variables. In general, substitution among the exchange rate existed. The correlation can be replaced as a substitution factor. The weights and are replaced by using the correlation with the firstdifferenced U.S. Dollar. Daily data will be used for this analysis, and the source of the data is the Bank of Korea.
3) Exchange Market Clearance and Psychological Hypothesis
To evaluate psychological hypothesis in the foreign exchange market, rational expectation could be adopted to identify the foreign exchange market clearance. In this framework, it can be assumed that the psychological impact enables it to clear the market. It implies that the deviation will disappear or be taken care of by the psychological impact. It is assumed that the U.S. Dollar in the foreign exchange market is solely cleared by the psychological variable. According to Maddala (1992) , rational expectation can be illustrated as follows. (3) where,
: variable with rational expectation where, : the first-differenced variable of observations where, : speed of adjustment In equation (3), the λ is in a range of 0 < λ < 1. It gets a higher value if and approach faster. Also, prediction error can be expressed like equation (4). Statistical characteristics of define the rational expectation.
(4) Empirically, the rational expectation is characterized by the estimated coefficient and statistical characteristics of in equation (5). If the market is sufficiently satisfied with the rational expectation, then approached to a unity, and is applicable to identically independently distributed or Gaussian white noise.
The most crucial factor is the definition of in the following equation (6). Here, is an information matrix which contains all the information to generate the rational expectation value, . To generate or expected value, conditional probability of is conditioned by lagged information matrix. Equation (2) could be a psychological information matrix generating the expected value of the key exchange rate, in this case, the U.S. Dollar.
(6)
4) Econometric Methodology
The data obtained from the foreign exchange market is commonly has heteroscedasticity in it. It implies that the information at t-n period in the data is easily transferred to the next period. Also, uncertainty in the market is highly observed. The ARCH (Autoregressive Conditional Heteroscedasticity) model was introduced into econometric literature by Engle (1982) and was subsequently generalized by Bollerslev (1986) who proposed the generalized ARCH or GARCH (Generalized Autoregressive Conditional Heteroscedasticity) model. The development of the ARCH model by Engle (1982) and the GARCH model by Bollerslev (1986) enabled economists to figure out the foreign exchange market. The GARCH model incorporated infinite lagged variables in the analysis. Also, the GARCH-M model explains that conditional heteroscedasticity is generated based upon the mean. It implies that the model assumes a non-zero mean of the data.
Other related models, where the conditional variance of is used as one of the regressors explaining the conditional mean of , have also been suggested in the literature and are known as ARCH-M or GARCH-M model (Engle et al. (1987) and Bollerslev et al. (1992) ). The various members of the GARCH and GARCH-M models can be written as follows. (7) where, (8) and is the information set at time t−1, containing at least the observations of 
and on lagged values of and . Namely is equal to ,..., . The unconditional variance of is constant because = and is formulated by (9) and the necessary condition for equation (7) to have a stationary covariance is given by (10) In addition to the restrictions in equations (9) and (10), Bollerslev (1986) also assumes , i=1, 2,..., q and , i=1, 2,..., p. Although these additional restrictions are sufficient for the conditional variance to be positive, they are not necessary (Nelson and Cao (1992) ). It also has to be satisfied that other variables could influence .
(11)
The is a vector of covariance with stationary variables in .
IV. Empirical Results
A. Bubble or Psychology?
As long as economic variables deviate from their fundamental values, it has to be defined whether the source of the deviation comes from a bubble or any other factor, such as psychological impact. The analysis on the bubbles in economic variables was performed by Ohanian (1996) , Diba and Grossman (1988) . Ohanian (1996) presented an analysis of the volatility of security prices to identify the bubbles. The research looked at whether movements in asset prices reflect changes in the fundamental value of the assets or whether these extreme price changes might be associated with changes in market psychology that may not be related to business conditions. The bubbles are defined as any deviation of the asset price from its fundamental value. However, certain types of bubbles can be difficult to
explain in a sensible way because they are similar to Ponzi schemes. Ohanian (1996) introduced variance bounds tests which were originally developed by Shiller (1989) . The test compares the volatility of the observed security price with the volatility of the fundamental price. Ohanian (1996) even suggested the test could be applicable to bond and foreign exchange markets. However, this practice leads to difficulties in evaluating whether market fundamentals are consistent with prices. On the other hand, Diba and Grossman (1988) insisted that the growth rate trend should be counted. First of all, the revealed deviation from the fundamental values in the exchange market has to be characterized because the bubbles and the psychological impact are shown as the same format. Depending upon the daily data availability, the interest rate is selected as a representative variable of the fundamental ones. If there exists any relationship in the long-run, the bubble hypothesis can be tentatively excluded, and the deviation should be counted as psychological impact. To identify it, Figure 1 and 2 depict the trend of level and the first-differenced of Won per the U.S. Dollar, and short-run (call market), midrun (CD), and long-run (yield on equity) interest rates, respectively. Figure 1 depicts the trend of the level, and Figure 2 shows the trend of the firstdifferenced. As shown in Figures 1 and 2 , all the trends have the same shapes. It indicates that the exchange rate moves upward as interest rates go up and vice versa. In other words, the exchange rate is depreciated when interest rates are rising up. Following the monetary approach on exchange rate determination, the exchange rate has to be appreciated when the interest rate goes up. Once this happens, the capital inflows to the home country to get the benefit from the increasing in the interest rate, and accordingly the home currency changes to a strong money. The Korean case seems to be opposite of this proposition. The Keynesian approach explains that if the exchange rate goes up, the economic activities in the domestic market slowdown because of reduced investment due to higher capital cost. The loss of competitiveness of the home country's products follows and, tentatively the home currency is depreciated. Brief review concludes that the Korean exchange market closely followed the Keynesian proposition, regardless of the short-run, mid-run, and long-run.
1 Therefore, it can be concluded that there does not exist the bubbles in the Korean foreign exchange market because the exchange rate has a steady relationship with fundamental macroeconomic variables. If the deviation exists, it comes from another factor and not bubbles. Also, it allowed the study to focus on the psychological impact causes.
B. The Impact of Psychological Information
To figure out psychological impact, the information matrix which contains psychological factor has to be set up. The information matrix can be derived by using equation (2). Figure 3 shows the shapes of the information matrix with psychological impact. The psychological impact is abstracted from the fluctuation of . Following Miller(1956) , and the three cases of psychological information matrix are analyzed. For the specific cases, a high level of psychological impact is chosen. They are based on , and 17 cases were selected. In these cases, the psychological impact is two times stronger compared with the changing of in an absolute value. It implies that the psychological impact was too strong in these cases. The direction of the change and the psychological information matrix is randomly alternated. There does not exist a unique solution, and the direction is not matched. It looks like the supply and demand sides are affected in different ways. It can be assumed that the positive psychological impact brings an increase in ( ) and means it is depreciated. If the foreign exchange market faces a positive psychological impact, the demand for the U.S. Dollar will increase and it changes to a strong money. Whereas, the Korean Won changes to a weak money, or the Korean Won is depreciated. As far as the supply side is concerned, if a positive psychological impact induces a change in the exchange market, holding the U.S. Dollar brings a benefit. It accordingly leads to a decreasing in the supply of the U.S. Dollar. Altogether, demand and supply sides may have the same direction. Definitely a
The results obtained by residual based method of cointegration technique (ADF and PP tests) support it. The U.S. Dollar and short-run, mid-run, and long-run interest rates are represented as I (1) negative psychological impact will work the other way around. In Table 2 , 11 out of 17 cases follow this manner. It is tentatively concluded that the impact of psychological factors is not easily characterized. During the entire period of the analysis, the highest deviations between and the psychological information matrix, where both and the psychological matrix drastically fluctuated were on December 27, 1997(−) and on January 3, 1998(+). These cases are in Figure 4 . Figure 4 depicts from November 1, 1997 to April 30, 1998 which is a high fluctuation period. The psychological impacts are highly fluctuated in this period. and both fluctuated, but the deviation between them is not that serious.
Most of psychological impact was reflected in the changing of , and it is in Figure 5 . It was recorded on August 22, 1997. On that day, the news about economic fundamentals called "foreign credit status is in a severe condition". The date was the beginning of the economic crisis, and therefore it seems to have brought a relatively strong impact to the foreign exchange markets. It recorded −25.1870, −19.0392, and −15.1430, respectively. It hits its upper limit and it was sufficient to judge as a psychological crisis.
C. Preliminary Statistic of the Variables
The preliminary statistics are evaluated and the results are summarized in Table 3 to identify statistical characteristics of the variables. And whether the normal distribution is achieved or not for the variables is illustrated in Figure 6 . As these have shown, non-conditional distribution of all the variables is far from normal. The negative skewness shows a left-skewed, fat-tailed distribution. The Kurtosis is more than 3 in all the cases. It is a leptokurtic. The higher Jarque-Bera statistic also proves non-normality. It is an easily found volatility clustering phenomenon. To identify any existing serial correlation in the standardized residuals and squares of the standardized residuals, the Ljung-Box Q test for the serial correlation in the standardized residuals and the Ljung-Box test for the squares of the standardized residuals are checked. It is approximately distributed as under the null hypothesis, and lower lags are mixed. However, Q(10) and (10) are rejected null hypotheses. It implies that the serial correlations exist in both cases. Therefore, the traditional econometric methodology easily misleads the result. It shows that the model which captures changing variance and covariance has to be selected. For this purpose, any econometric model which is applicable for conditional heteroscedasticity has to be taken care of. Also, for additional identification, the degree of differences and the stationarity is checked, and concluded that and are I(0). It implies that the level of both variables is I(1). Therefore, the GARCH(1,1)-M model can be applied with a normal assumption.
D. Estimation of Market Clearance by Psychological Variable
According to Rhee (1997) neither the Keynesian nor the Monetarist approach explain the determination of the exchange rate in Korean foreign exchange markets. It means that any other factor besides the fundamental factor can provide a solution. Once the psychological information matrix is generated, the expected U.S. Dollar with psychological impact can be determined by executing the conditional probability of the first-differenced U.S. Dollar based on lagged information matrix. It is shown in equation (12). Based on the psychological informa- tion matrix, the conditional probability for can be calculated as shown in equation (12).
is a projection of with psychological impact. 3) The critical values at 5% level for χ 2 (1), χ 2 (2), χ 2 (3), and χ 2 (10) are 3. 84, 5.99, 7.81, and 18.31, respectively. equations (13) and (14). (13) (14) Here, the estimated coefficient of , is expected to be 1 as long as the exchange market is cleared. and represent the ARCH and GARCH factors, respectively. In general, , , and are expected to be positive. To be a strong stationarity, <1 has to be satisfied. To calculate maximum log likelihood function, BHHH (Berndt, Hall, Hall, and Hausman (1974) ) algorithm is applied.
According to the results in Table 4 , it is confirmed that equals 1. However, it calculated 0.7824, 0.7584, and 0.7293, respectively for the entire period. It implies that the U.S. Dollar in the foreign exchange market is not cleared by the psychological impact. The period is subdivided every three months, and it cumulated until the ∆EXUS t θ φ∆EXUS t psy exchange market is cleared. The 9 cases satisfied the market clearance condition. It also has to be mentioned that the adjustment of conditional heteroscedasticity is done using the GARCH channel rather than the ARCH. The ARCH component ranges from 0.0350 to 0.4371, while the GARCH component distributes from 0.5848 to 0.8981. The summary of empirical results by the GARCH(1,1)-M model is shown in Table 4 . As expected, + , and are positive. However, + <1, is not satisfied ω α β α β 
E. Forecastbility
Forecasting with the rational expectation framework based on psychological impact was done by Anderson and Goldsmith (1994) to evaluate the decision making process. Rationality and psychology were understood as a source for an unbiased forecast in the framework, and the forecasting error is defined by the difference between evaluation at time t and prediction at time t−2. Anderson and Goldsmith (1994) also constructed an error-learning model and applied it to their empirical studies. The analysis revealed systematically biased decision making by decision makers. In general, their decision is overly optimistic. Past learning is of little consequence to the accuracy of forecasts. Such a methodology does not allow us to apply it directly to this research. However, the basic idea deserves to be reviewed. The forecasting of is performed by ex-post simulation, and the RMSE and RMSPE are reported in Table 5 . In addition to this the results are depicted in Figure 7 . The periods are basically divided by a quarter and make an incremental period gradually. The last three cases are intensified for the periods which are psychological impact is mostly prevailed through the whole period. The result indicates that the model is comparatively unstable, since in most cases, the RMSE and RMSPE recorded more than 5%. It implies that the psychological impact is an unstable influence in nature.
V. Conclusion and Its Policy Implication
The role of psychological information in determining the exchange rate was examined by investigating the Korean economic crisis which occurred between January 1997 to June 1999. In generating psychological information, news about economic fundamentals was the major source. The basic theory was that psychological information participates in forming the rational expectation, and accordingly it clears foreign exchange markets. That is, psychological information plays a key factor in exchange market clearing. It was found that the U.S. Dollar can be cleared by psychological impact. However, the outcomes weakly support the psychological hypothesis in exchange rate determination. The reason is that the GARCH-M model does not have strong stability, and this is also proven by historical simulation processes. Moreover, the result was obtained by evaluating the period of the Korean economic crisis and it would be an exaggerated psychological impact on economic analysis. However, at least, the result shows that the psychological factor is partly affected in exchange rate determination. In the very short run, it affects more than economic fundamentals. Another implication is that the changing of the U.S. Dollar is an isolated factor in forming the psychological information in the foreign exchange markets. However, it may have the causation with psychological information. Also, it is ambiguous how the psychological impact affects demand or supply side. At least, the research shows that the understanding of psychological impact is necessarily for the implementation of economic policies, especially foreign exchange policies. A well designed model for analyzing psychological impact is to completely endogenized human behavior into the model. Further research in this field has to be ensue, and the research carefully analyze the psychological factor.
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